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CHOCOLATE: 
TOO GOOD TO BE BAD?

source: http://dog-milk.com/peanut-butter-pups-dog-shaped-chocolates-from-gearharts/

http://dog-milk.com/peanut-butter-pups-dog-shaped-chocolates-from-gearharts/


Theobromine
• Caffeine derivative 

• Large component in chocolate 

• Stimulant 

• Therapeutic applications

source: http://en.wikipedia.org/wiki/Theobromine

http://en.wikipedia.org/wiki/Theobromine


Theobromine 
Poisoning

• Theobromine is toxic to 
small animals 

• Lack of degradation 
enzymes 

• Side effects include: 

‣ Vomiting 

‣ Tachycardia 

‣ Seizures 

‣ Cardiac arrest 

‣ Death

source: http://www.arrowtownpharmacy.co.nz/

http://www.arrowtownpharmacy.co.nz/


CYP1A2
• Cytochrome P450 

• Involved in metabolism 
of xenobiotic substances 

• Separate substrates in 
small animals

source: http://en.wikipedia.org/wiki/CYP1A2

http://en.wikipedia.org/wiki/CYP1A2


• Degrade theobromine 
in the small intestine 

• Utilize synthetic biology  

• Plasmid construct 

• Mode of ingestion

OUR 
Proposal

source: http://www.3bmeteo.com/giornale-meteo/individuato-un-batterio-anti-smog-sul-ghiacciao-dello-stelvio-54837

http://www.3bmeteo.com/giornale-meteo/individuato-un-batterio-anti-smog-sul-ghiacciao-dello-stelvio-54837


OUR 
SOLUTION

• Novel probiotic which 
degrades theobromine 

• Use previously 
characterized pathways 

• Implement in Lactobacillus 

• Yogurt as a delivery method
source: https://dramabeautypop.wordpress.com/2014/06/20/facial-friday-diy-hydrating-watermelon-mask/

https://dramabeautypop.wordpress.com/2014/06/20/facial-friday-diy-hydrating-watermelon-mask/


ANALYSIS

source: http://en.wikipedia.org/wiki/Bacteria

http://en.wikipedia.org/wiki/Bacteria


Overall 
Xanthine 
Pathway 

*[8]



*[8]Overall 
Xanthine 
Pathway 



Design Pathway

*[8]



CP25 promoter + NdmA NdmB NdmC NdmD gst9

pNZ 8048 pSB1C3

= RBS

• UT Austin 2012 pDCAF 

‣ Contains the N-
demethylation operon

• Adjust plasmid 

‣ CP25 promoter 

‣ Lactobacillus ori 

‣ Cutsites



Piecemeal

Y

source: http://piktochart.com

http://piktochart.com


Why 
Plantarum?
• Large, versatile genome 

• Previous probiotics 

• Can survive enteric conditions 

• Transformed via electroporation 

• Colonization potential 

• CP25 promoter

WCFS1

source: NCBI



Original

Construct



Goal

Construct



Results
(All w/ pDCAF) None Caffeine Theobromine

Wildtype + + +
ΔGuaB - + +
Top 10 + + +



Results

• Unsuccessful Golden Gate Assembly 

• CP25 included

iGEM approved: EcoRI, PstI, SpeI and XbaI 



Modeling
VI

VB

Caffeine

Xanthine

Clearance

source: http://piktochart.com

http://piktochart.com


Basic Model – 
Michaelis Menten

Parameter Description

n Number of enzyme 
concentration in uM

kcat
Max number of substrate 
molecules converted into 

products

km
Rate of reaction of caffeine 

by bacteria

kcl Rate of clearance by blood

kt Rate of transfer into blood



Caffeine Degradation Inside Bacteria



Caffeine Degradation Without Probiotic



Caffeine Degradation With Probiotic



Future 
Directions
• Better probiotics 

• Delivery system  

• Reconstruct microflora 

• Environmental remediation
source: http://probiotics.mercola.com/probiotics-powder.html

http://probiotics.mercola.com/probiotics-powder.html


Legality 
Liability 
Ethics

source: http://piktochart.com

http://piktochart.com


Cutsultant
• Expedites restriction digestion design 

• Generate optimal cuts based on 
chosen parameters 

• Parameters include the band length, 
available restriction enzymes and 
inputted sequences, and band 
differentiability

source: http://piktochart.com

http://piktochart.com


Cutsultant





The Great Race!

Cutsultant 
1.43 Seconds

Todd 
4.5 minutes 



Thank you!
Institute for Genomic Biology 
Department of Bioengineering 
Department of Agricultural and Biological Engineering  
College of Agricultural, Consumer and Environmental Sciences Office of Academic Programs 

Todd Freestone 
Dr. Christopher Rao, Associate Professor, Department of Chemical and Biomolecular Engineering 
Dr. Gene Robinson, the Director of the Institute for Genomic Biology 
Melissa McKillip, Director of Development and Outreach,The Institute for Genomic Biology 
Dr. Kaustubh Bhalerao, Associate Professor, Department of Agricultural and Biological Engineering 
Dr. Ting Lu, Assistant Professor, Department of Bioengineering 
Dr. Michael J. Miller, Associate Professor, Department of Food Science and Human Nutrition 
Dr. Huimin Zhao, Professor, Department of Chemical and Biomolecular Engineering 
Dr. KC Ting, ABE Deparment Head 
Dr. Rashid Bashir, BioE Department Head 
Kori Dunn, Ahmet Baradur, Xiong Xiong, Yibing

source: http://piktochart.com

http://piktochart.com
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